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ABSTRACT 

R e c e p t i o n  o f  t e l e v i s i o n  from t h e  l u n a r  s u r f a c e  
d u r i n g  t h e  f i r s t  manned l u n a r  l a n d i n g  o f  t h e  Apo l lo  Program 
w i l l  p r o v i d e  e v i d e n c e  of America 's  p reeminence  i n  s p a c e ,  
d e m o n s t r a t i o n  o f  achievement  of a n a t i o n a l  g o a l  and  t o  some 
d e g r e e  enhance t h e  s c i e n t i f i c  r e t u r n  from t h e  l u n a r  l a n d i n g .  
I n  t h e  e v e n t  t h e  Lunar Module's (LM) e r e c t a b l e  a n t e n n a ,  
r e q u i r e d  f o r  t e l e v i s i o n  t r a n s m i s s i o n  unde r  w o r s t  c a s e  cond i -  
t i o n s ,  i s  n o t  a v a i l a b l e ,  t e l e v i s i o n  as a means o f  communication 
may be lost. I f ,  however, t h e  2 1 0  f o o t  diameter,  p r o p e r l y  
equ ipped  a n t e n n a  f a c i l i t y  a t  Go lds tone ,  C a l i f o r n i a  was 
a v a i l a b l e ,  some t e l e v i s i o n  r e c e p t i o n  would be p o s s i b l e .  I f  
t h e  r e l i a b i l i t y  no rma l ly  r e q u i r e d  of  Manned Space F l i g h t  
Network ground s t a t i o n s  were waived,  t h e  210 f o o t  a n t e n n a  
s i t e  at Golds tone  c o u l d  be implemented as a backup c a p a b i l i t y  
w i t h  l i t t l e  t e c h n i c a l  d i f f i c u l t y .  A d d i t i o n s  or m o d i f i c a t i o n s  
r e q u i r e d  a t  t h i s  s i t e  i n c l u d e :  ( a )  a d j u s t m e n t  o f  t he  r e c e i v i n g  
bandwidth of t h e  p r e a m p l i f i e r  and r e c e i v e r ,  (b) p r o v i s i o n  f o r  
w i d e h a n d  PM ( e . g .  4 MHz) demodula t ion ,  and ( c )  i n t e r c o n n e c t i n g  
e x i s t i n g  microwave f a c i l i t i e s  a l r e a d y  i n  e x i s t e n c e  a t  Go lds tone .  

It i s  recommended t h a t  these  changes  be implemented 
a t  t h e  210 f o o t  Go lds tone  a n t e n n a  f a c i l i t y ,  s o  t h a t  i t  c o u l d  
p r o v i d e  l i m i t e d  Apo l lo  s u p p o r t  
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The r e c e p t i o n  of  t e l e v i s i o n  from t h e  Lunar Module 
(LM) on t h e  moon's s u r f a c e  d u r i n g  t h e  f i r s t  l u n a r  l a n d i n g  
m i s s i o n  w i l l  be  f i r s t - h a n d  e v i d e n c e  o f  t h e  s u c c e s s f u l  accom- 
p l i s h m e n t  of a ma jo r  o b j e c t i v e  o f  t h e  Apollo Program. It 
w i l l  p e r m i t  a l l  o f  us  t o  p a r t i c i p a t e  i n  r e a l - t i m e  i n  a 
s i g n i f i c a n t  e x t e n s i o n  of t h e  f r o n t i e r  o f  knowledge. T h i s  
p a r t i c i p a t i o n  w i l l  r epay ,  i n  a small  way ,  for t h e  e x p e n d i t u r e  
o f  t ime  and t r e a s u r e  by t h e  p e o p l e  of  t h e  U n i t e d  S ta tes  who 
sponsored  t h e  Apol lo  Program. T h i s  i s  r e a s o n  enough f o r  pro-  
v i d i n g  t h e  t e c h n i c a l  s u p p o r t  needed t o  a s s u r e  such  t e l e v i s i o n .  
T h i s  memorandum d i s c u s s e s  t h e  v e r y  i m p o r t a n t  r o l e  t h a t  t h e  
Mars s t a t i o n  a t  Go lds tone  could  p l a y  i n  p r o v i d i n g  i n s u r a n c e  
o f  t e l e v i s i o n  r e c e p t i o n  f r o m  t h e  l u n a r  s u r f a c e  for t h e  i n i t i a l  
l u n a r  l a n d i n g .  

The LM w i l l  c a r r y  a t e l e v i s i o n  camera and can  t r a n s -  
m i t  t e l e v i s i o n  s i g n a l s  i n  t h e  f r equency  modu la t ion  (FM) mode 
cf' its i-i-nifjed. S-hqnd ( IJSB)  t r ansDonder .  i n  t h e  FPI mode, t n e  
LM can  t r a n s m i t  c o n c u r r e n t l y  t h e  a s t r o n a u t  v o i c e  and b i o m e d i c a l  
data, h i g h  or low b i t  r a t e  ( 5 1 . 2  or 1 . 6  kbps)  t e l e m e t r y  and 
t e l e v i s i o n .  Un l ike  t h e  USB sys tem i n  t h e  Command and S e r v i c e  
Modules (CSM), which can o p e r a t e  i n  t h e  FM mode and i n  t h e  
Phase Modula t ion  (PM) mode a t  t h e  s a m e  t i m e ,  t h e  LM can  oper -  
a t e  i n  e i t h e r  t h e  PM mode o r  t h e  FM mode, b u t  n o t  b o t h  concur-  
r e n t l y .  S i n c e  t h e  PM mode i s  r e q u i r e d  for r a n g i n g  and d o p p l e r  
t r a c k i n g ,  t h e  LM w i l l  e m p l o y  t h e  PM mode on i t s  d e s c e n t  t o  and 
i t s  a s c e n t  from t h e  l u n a r  s u r f a c e .  T h i s  p r e c l u d e s  t h e  t r a n s -  
m i s s i o n  of  t e l e v i s i o n  from t h e  LM on i t s  way down to and on 
its Yay G p  f r n m  the mcnn ,  

On t h e  l u n a r  s u r f a c e ,  t h e  LM w i l l  u se  t h e  FM mode 
for t e l e v i s i o n  t r a n s m i s s i o n .  The a s t r o n a u t s  w i l l  e r e c t  a 
h i g h  g a i n  an tenna  ( " e r e c t a b l e "  a n t e n n a )  on t h e  l u n a r  s u r f a c e .  
T h i s  a n t e n n a  w i l l  p r o v i d e  a n e t  i n c r e a s e  of e f f e c t i v e  r ad ia t ed  
power of  about  8 d B  o v e r  t h a t  p r o v i d e d  by t h e  h igh  g a i n  a n t e n n a  
("s teerab le"  a n t e n n a )  mounted on t h e  LM. T h i s  added g a i n  i s  
needed  t o  be s u r e  t h a t  t h e  t e l e v i s i o n ,  v o i c e  and t e l e m e t r y  
s i g n a l s  can be r e c e i v e d  b y  t h e  deep space  MSFN s t a t i o n s  for 
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t h e  w o r s t  c a s e  s i t u a t i o n  ( e . g .  l o w e s t  s p e c i f i e d  t r a n s m i t t e d  
power, h i g h e s t  r e c e i v e d  n o i s e  f i g u r e ,  e t c . ) .  The c a l c u l a t e d  
per formance  of t h e  LM communications l i n k  from the  l u n a r  
d i s t a n c e  i n  t h e  FM mode i s  g i v e n  i n  Appendix I and i s  summarized 
i n  T a b l e  I. It s h o u l d  b e  n o t e d  t h a t  t e l e v i s i o n  pe r fo rmance  i s  
b e t t e r  t h a n  t h a t  o f  t h e  t e l e m e t r y  and v o i c e .  

From Tab le  I ,  i t  i s  a p p a r e n t  t h a t  i t  s h o u l d  be  
p o s s i b l e  to r e c e i v e  t e l e v i s i o n ,  v o i c e  and t e l e m e t r y  from t h e  
l u n a r  s u r f a c e  a t  a n  NSFN 85' s t a t i o n  u s i n g  a s teerab le  a n t e n n a  
on t h e  LM if t h e  t r a n s m i s s i o n  l i n k  e l e m e n t s  e x h i b i t  normal  p e r -  
formance ,  b u t  n o t  w i t h  wors t  c a s e  pe r fo rmance .  With an  e r e c t a b l e  
a n t e n n a  on t h e  l u n a r  s u r f a c e ,  t h e  per formance  margin  i s  s u f f i c i -  
en t  for an MSFN 85'  d i a m e t e r  a n t e n n a  even  i n  t h e  p r e d i c t e d  w o r s t  
c a s e  f o r  t h e  LM FM mode. 

If t r o u b l e  should  p r e v e n t  t h e  r a i s i n g  o f  t h e  e r e c t a b l e  
a n t e n n a ,  i t  would n o t  b e  p o s s i b l e  t o  o b t a i n  t e l e v i s i o n  a t  an  
MSFN s t a t i o n  from t h e  moon i n  t h e  w o r s t  c a s e .  On t h e  o t h e r  
hand,  i t  would a l w a y s  b e  p o s s i b l e  t o  r e c e i v e  t e l e v i s i o n ,  v o i c e  
and t e l e m e t r y  a t  t h e  Mars s t a t i o n  from a LM on t h e  l u n a r  s u r -  
f a c e  u s i n g  on ly  t h e  s t e e r a b l e  a n t e n n a .  

The Mars s t a t i o n  c o u l d  s u p p o r t  t h e  Apol lo  l u n a r  
l a n d i n g  m i s s i o n  w i t h  a nominal i n v e s t m e n t .  S p e c i f i c a l l y ,  t h e  
f o l l o w i n g  

(1) 

( 3 )  

- -  
a d d i t i o n s  would b e  r e q u i r e d :  

Ad jus t  t h e  r e c e i v i n g  bandwidth of  t h e  Mars 

r e c e i v e  t h e  LM FP4 f r e q u e n c y  2280-2285 MHz as 
has been done f o r  t h e  D S N  s t a t i o n  a t  t h e  
P i o n e e r  s i t e  w h i c h  i s  used  t o  back up t h e  
Apol lo  MSFN s i t e  a t  Go lds tone .  The p r e s e n t  
Mars r e c e i v e r  o p e r a t e s  i n  t h e  2290-2300 MEz band 
(as d i d  t h e  P ionee r  D S N  s i t e )  b u t  can be  a d j u s t e d  
t o  c o v e r  t he  lower f r e q u e n c y  band a t  a s l i g h t  
p e n a l t y  i n  n o i s e  f i g u r e  ( l e s s  t h a n  1 d B ) .  The 
a n t e n n a  f e e d  and maser p r e a m p l i f i e r  a re  t h e  same 
as used i n  P ionee r .  

p r e z m p l i f i e r  and r P C P i V e r  te n?nM"it  it to 

Prov ide  FM demodula tors  a t  t h e  Golds tone  Mars 
s i t e  t o  r e c o v e r  t h e  LM v i d e o ,  v o i c e  and t e l e m e t r y  
f o r  t r a n s m i s s i o n  o v e r  e x i s t i n g  v i d e o  l i n k s  t o  
t h e  P i o n e e r  s i t e  v i a  t h e  Echo s i t e  communication 
c e n t e r .  

I n t e r c o n n e c t  t h e  v i d e o  l i n k s  from t h e  Echo 
s i t e  communication c e n t e r  t o  t h e  P i o n e e r  
s i t e  w i t h  t h e  v ideo  l i n k s  from P i o n e e r  Wing 
s i t e  t o ' t h e  Apollo MSFN s i t e ;  t h i s  i s  t h e  
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l i n k  t h a t  i s  normal ly  used  i n  Apollo t o  t r a n s m i t  
v i d e o  from t h e  P i o n e e r  wing s i t e  to t h e  MSFN 
s t a t i o n  ( s e e  Appendix 11). 

None of  t h e s e  a d d i t i o n s  a r e  e x p e n s i v e  s o  t h a t  a 
Mars backup o f  t h e  Apollo M i s s i o n  cou ld  be o b t a i n e d  a t  a 
nominal  c o s t .  

O the r  r a m i f i c a t i o n s  o f  t h e  Mars backup s u p p o r t  o f  
i n i t i a l  l u n a r  l a n d i n g  m i s s i o n s  a re :  

(1) The moon must be i n  t h e  f i e l d  o f  view o f  t h e  
Mars s t a t i o n  a t  G o l d s t o n e .  T h i s  o c c u r s  f o r  a 
p e r i o d  of 8 t o  1 2  o r  13 hours  a d.av deDending 
upon t h e  t i m e  o f  month. 

( 2 )  The o p e r a t i o n a l  t i m e  l i n e  used b y  t h e  a s t r o n a u t s  
must p e r m i t  t h e i r  u sage  of  t h e  t e l e v i s i o n  camera 
d u r i n g  t h e  t ime t h e  moon i s  i n  l i n e  of  s i g h t  
o f  Go lds tone .  

( 3 )  On t h e  i n i t i a l  m i s s i o n ,  t h e  USE t r a n s p o n d e r  
c o u l d  be  swi tched  to t h e  FM mode s h o r t l y  a f t e r  
l a n d i n g  and b e f o r e  t h e  deployment o f  t h e  
e r e c t a b l e  an tenna  to de te rmine  whether  or n o t  
t h e  85 '  FSSFN s t a t i o n  was r e c e i v i n g  s u f f i c i e n t  
s i g n a l  u s i n g  only t h e  LM s t e e r a b l e  a n t e n n a .  

would be no need t o  dep loy  t h e  e r e c t a b l e  
a n t e n n a .  With t h e  210' an tenna  as a backup,  
t h e r e  would be a s s u r a n c e  t h a t  subsequen t  
changes i n  l i n k  c h a r a c t e r i s t i c s  would n o t  
p r e v e n t  a c c e p t a b l e  communicat ions.  

. _ I  1 - 7  I 1  ir s u f f i c i e n t ;  s ign,ai  was aija.i- ~i 3 u le, ~11ei.t. 

( 4 )  With t h e  suppor t  o u t l i n e d  i n  (3), it  would be 
p o s s i b l e  t o  t r a n s m i t  a t e l e v i s i o n  p i c t u r e  o f  
t h e  f i r s t  American 's  f i r s t  s t e p  o n t o  t h e  moon's  
s u r f a c e .  T h i s  would r e q u i r e  t h e  use  of  t h e  
LM s t ee rab le  an tenna  ana  a change from tile p r . e se r l i  
p l a n s  of  c a r r y i n g  t h e  t e l e v i s i o n  camera (which 
weighs about  1 5  pounds)  i n  t h e  d e s c e n t  s t a g e  t o  
one hav ing  j.t stowed i n  t h e  a s c e n t  s t a g e .  The  
camera would then  b e  a v a i l a b l e  f o r  u s e  immedia t e ly  
a f t e r  t h e  l u n a r  l a n d i n g .  I n  t h e  writers o p i n i o n ,  
t h e  t e l e v i s i n g  o f  t h i s  e v e n t  m e r i t s  s t r o n g  s u p p o r t  
measures  e x c l u d i n g ,  o f  c o u r s e ,  any s i g n i f i c a n t  
impact  on c r e w  s a f e t y .  
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SUMMARY 

It i s  a p p a r e n t  t h a t  t h e  u s e  o f  t h e  2 1 0 '  a n t e n n a  
s i t e  a t  Golds tone  would p r o v i d e  a marked advan tage  i n  
communication e f f e c t i v e n e s s  i n  s u p p o r t i n g  t h e  i n i t i a l  Apo l lo  
l u n a r  l a n d i n g  m i s s i o n  a t  a v e r y  nominal  c o s t .  

J J H  
J T R  db 

2o '-RLS-ew 

4 J .  T, R a l e i g h  
' ! ' ;  

- 
R .  L .  S e l d e n  

At tachments  
Tab le  I 
Appendices I&II 



TABLE I 

PERFORMANCE MARGINS FOR LM COMMUNICATIONS 

(FM Mode - High Power) 

85'  MSFN 
Station 

2 1 0 '  Mars 
Station 

Nominal Worst Case Nominal Worst Case 

Erectable Antenna 

5 1 . 2  kbps Telemetry + 6 . 1  dB +0.2  dB + 1 4 . 1  dB +8 .2  dB 
Voice-Biomedical Data +7.1 + 1 . 4  +15.1 + 9 . 4  
Television +io. 8 + 6 . 6  +18 .8  + 1 4 . 6  

1 . 6  kbps Telemetry + 1 2 . 8  t7.2 + 2 0 . 8  + 1 5 . 2  
Voice-Biomedical Data +7.1 + 1 . 4  + 1 5 . 1  +9 .4  
Television +io. 8 +6 .6  + 1 8 . 8  + 1 4 . 6  

Steerable Antenna 

5 1 . 2  kbps Telemetry - 2 . 1  -8.3 +5 .9  - 0 . 3  

Voice-Biomedical Data -1.1 -7.1 + 6 . 9  + o . g  
Television + 2 . 6  - 1 . 9  +io. 6 + 6 . 1  

1 . 6  kbps Telemetry + 4 . 6  -1.3 +12 .6  + 6 . 7  
Voice-Biomedical Data -1.1 -7.1 + 6 . 9  + 6 . 9  
Television +2 .6  - 1 . 9  +io. 6 + 6 . i  



APPENDIX I 

COMPUTED PERFORMANCE OF LM TO MSFN COMMUNICATIONS PERFORMANCE 

USING THE FREQUENCY MODULATION MODES ( T V )  

T h i s  append ix  p r e s e n t s  t h e  d a t a  used  t o  d e t e r m i n e  t h e  
computed c i r c u i t  marg ins  g iven  i n  T a b l e  I. A l l  d a t a  was o b t a i n e d  
from t h e  NASA-MSC/ISD Master  Parameter L i s t ,  d a t e d  March 1 2 ,  1968 .  
The c h a n n e l  r e q u i r e m e n t s ,  t h a t  i s  t h e  i n p u t  s i g n a l  to n o i s e  r a t i o  
r e q u i r e d  f o r  p r o p e r  o p e r a t i o n  o f  t h e  t e l e m e t r y ,  t e l e v i s i o n  and 
v o i c e  and b i o m e d i c a l  t e l e m e t r y  s e r v i c e s  are  t a k e n  from "A P e r -  
formance A n a l y s i s  of t h e  Apol lo  U n i f i e d  S-Band Communications 
System For a T y p i c a l  Lunar M i s s i o n ,  by G .  D .  Arndt ,  C .  T .  
Dawson and R .  W .  Moorehead. (MSC I n t e r n a l  Note MSC-EB-R-67-1, 
May 1, 1 9 6 7 ) .  It s h o u l d  be p o i n t e d  o u t  t h a t  t h e  communicat ions 
sys t em t o  be used  by t h e  a s t r o n a u t s  on t h e  l u n a r  s u r f a c e  ( e x t r a -  
v e h i c u l a r  communication s y s t e m ) i s  b e i n g  r e d e s i g n e d .  It i s  a n t i c i -  
p a t e d  t h a t  t h i s  r e d e s i g n  w i l l  r a i s e  t h e  c h a n n e l  r e q u i r e m e n t s  f o r  
t h e  v o i c e  and b io-medica l  t e l e m e t r y  c h a n n e l  by a f e w  d b .  

1. Received  S i g n a l  Power (LM T r a n s m i t t i n g  w i t h  High Power) 

LM Antenna 85 '  MSFN S t a t i o n  2 1 0 '  S t a t i o n  
C o n f i g u r a t i o n  Norn Worst Case Nom Worst Case 

E r e c t a b l e  Antenna -122.3dBW -125.9dBW -114.3dBW -1l7.9dBW 

S t e e r a b l e  Antenna -130.5dBW -134.9dBW -122.5dBW -126.4dBW 

2 .  Ground S t a t i o n  Rece ive r  Noise 

Noise Temperature  (Both 85 '  and 2 1 0 '  S t a t i o n )  210'K 

FM Demnd1.1 . l~ tor  Bandwidth (wors t  c a s e )  4 .8  MHz 

T o t a l  Ground S t a t i o n  R e c e i v e r  Noise Power -138. EdBW 

3. I n p u t  S i g n a l  t o  Noise R a t i o s  
LM Antenna 85 '  MSFN S t a t i o n  210' S t a t i o n  
C o n f i g u r a t i o n  Nom Worst Case Mom Worst Case 

E r e c t  a b l e  16 .3dB 1 2 . 7 d ~  2 4 . 3 d B  20.7dB 

S t e e r a b l e  8.1dB 4.2dB 1 6 . 1 d ~  12.2dB 
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4. Channel Performance Requirements 
Nom Worst Case 

High Bit Rate Telemetry (51.2Kbps) 10.2dB 12.5dB 

Low Bit Rate Telemetry(l.6Kbps) 3 5dE 5.5dB 

Voice and Bio-Medical Telemetry 9.2dB 11.3dB 

Te levi s ion 5.5dB 6 . 1 d ~  

5. Performance Margins 

LM Configuration 

Erectable-Hi Power 

51.2 TLM 

Voice-Bio 

Television 

1.6 TLM 

Voice-Bio 

T e l e ~ ~ r f c f c ~ ~  

85'Station 210' Station 

Nom Worst Case Nom WDrst Case 

+6.i +0.2 +14.1 +8.2 

7 . 1  1.4 15.1 9.4 

10.8 6.6 18.8 14.6 

12.8 7.2 20.8 15.2 

7 . 1  1.4 15.1 9.4 

10-8 6:6 1S:8 1 4 : 6  

Steerable-Hi Power 

51.2 TLM -2.1 -8.3 5.9 -0.3 

Voice-Bio -1.1 -7.1 6.9 0 . 9  

Television 2.6 -1.9 10.6 6.1 

1.6 TLE 

Voi ce-Bio 

Television 

4.6 -1.3 -- 1 9 $ 6  6 J  

-1.1 -7.1 6.9 0.9 

2.6 -1.9 10.6 6.1 



APPENDIX I1 

USB FACILITIES AT GOLDSTONE 

I n  t h e  t r a c k i n g  s t a t i o n  complex of  G o l d s t o n e ,  
C a l i f o r n i a ,  t h e  J e t  P r o p u l s i o n  L a b o r a t o r y  ( J P L )  and  Goddard 
Space  F l i g h t  C e n t e r  (GSFC) have a number o f  a n t e n n a  f a c i l i t i e s .  
These  i n c l u d e  t h e  pr ime MSFN 85 f o o t  a n t e n n a  s i t e  and  a Wing 
S i t e  a t  t h e  J P L  85 f o o t  P i o n e e r  S i t e .  The J P L  2 1 0  f o o t  
a n t e n n a ,  r e f e r r e d  t o  as t h e  Mars s i t e ,  h a s  been d i s c u s s e d  as 
a p o t e n t i a l  Apol lo  r e c e i v i n g  s i t e .  T h i s  memorandum d i s c u s s e s  
o u r  u n d e r s t a n d i n g  o f  t h e  f a c i l i t i e s  and t h e  t e c h n i c a l  
problems which e x i s t  i n  t h e  imp lemen ta t ion  of  t h i s  s i t e  f o r  
l i m i t e d  Apol lo  s u p p o r t .  

I n  summary, t h e  r a d i o  f r e q u e n c y  r e c e i v i n g  equ ip -  
ment a t  t h e  2 1 0  foot s i t e  i s  s imi l a r  to t h a t  which h a s  
a l r e a d y  been mod i f i ed  f o r  MSFN Apol lo  s u p p o r t .  
ne twork  e x i s t s  t h a t  i n t e r c o n n e c t s  t h e  J P L  a n t e n n a  s i t e s ;  t h e  
MSFN wing a t  t h e  P i o n e e r  S i t e  i s  connec ted  t o  t h e  Prime MSFN 
s i t e  by a s p e c i a l  microwave f a c i l i t y .  T h e r e f o r e ,  to p r o v i d e  
l i m i t e d  Apol lo  s u p p o r t  from a t e c h n i c a l  s t a n d p o i n t ,  i t  i s  
n e c e s s a r y  t o  a p p l y  some o f  t h e  a l r e a d y  proven  m o d i f i c a t i o n s  
and p r o v i d e  a l i m i t e d  amount of  equipment ,  such  as a S i g n a l  
Data Demodulator ,  t o  a s s u r e  c o m p a t i b i l i t y  of  t h e  e x i s t i n g  
r a d i o  r e c e i v e r  equipment and microwave r e l a y  ne tworks .  

A microwave 

D i  s c u s s  i o n  

The p r i n c i p l e  MSPY s u p p o r t  by 85  f o o t  an te l inas  i s  
p r o v i d e d  b y  a n  X-Y mounted a n t e n n a  and t h e  MSFN equipment 
a t  t h e  GSFC s i t e .  A wing has  been  added t o  t h e  p r e v i o u s l y  
e x i s t i n g  J P L  Deep Space S t a t i o n  (DSS) s i t e  which i s  c a l l e d  
P i o n e e r  (DSS/11) f o r  MSFN s u p p o r t .  
b o t h  f o r  normal  l u n a r  m i s s i o n  a c t i v i t y ,  b u t  e i t h e r  s i t e  shou ld  
be  a b l e  t o  s u p p o r t  b o t h  t h e  CSM and LM s p a c e c r a f t .  
t h e  normal  c o n f i g u r a t i o n  o f  e a c h  s t a t i o n  can  s u p p o r t  up t o  
f o u r  PM l i n k s  and two FM l i n k s  and t h e  complex can  s u p p o r t  
0 t o  8 PM and 0 t o  4 FM l i n k s .  One s i t e  can  be c o n s i d e r e d  
from a r e c e i v e r  s t a n d p o i n t  a s  t h e  same as any o t h e r  d u a l  MSFN 
s i t e .  

P l a n s  may r e q u i r e  t h e  u s e  of  

A s  a r e s u l t ,  

The Wing s i t e  i s  connec ted  t o  t h e  P r i m e  s i t e  by a 
two-way microwave r e l a y  system b u i l t  f o r  GSFC by C o l l i n s  Radio 
Gorp. A d e s c r i p t i o n  o f  t h e  microwave sys tem i s  i n c l u d e d  i n  
" F u n c t i o n a l  D e s c r i p t i o n  o f  t h e  fino110 U n i f i e d  F-Eand Data 
Transmiss ion  L i n k s , "  X-506-66-36, John J .  Schwar tz ,  
February 1, 1 9 6 6 .  
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The phase modulated (PM) s i g n a l s  r e c e i v e d  from t h e  
Apo l lo  S p a c e c r a f t  a r e  demodulated i n  t h e  MSFN r e c e i v e r  l o c a t z d  
a t  t h e  Wing s i t e  and t h e  down-link v o i c e  and /o r  s u b c a r r i e r s  
a r e  r e l a y e d  o v e r  t h e  microwave l i n k  i n  a v i d e o  c h a m e l  f rom 
t h e  Wing t o  t h e  S i g n a l  Data  Demodulator  System (SDDS) a t  t h e  
p r ime  MSFN s i t e .  The f r e q u e n c y  modula ted  (FM) s i g n a l s  a r e  
e x t r a c t e d  f rom t h e  MSFN r e c e i v e r  a t  a 50 mHz i n t e r m e d i a t e  
f requency  ( I F ) .  A t  t h e  Wing s i t e ,  t h i s  5 0  mHz IF i s  c o n v e r t e d  
t o  a s t a n d a r d  microwave r e l a y  I F  o f  70  m H z  w i t h  a t r a n s l a t o r  
t h a t  i s  i n c l u d e d  i n  t h e  r e l a y  equipment .  A t  t h e  p r ime  s i t e ,  
t h e  5 0  mHz i s  r e c o v e r e d  and d e l i v e r e d  to t h e  SDDS FM demodu- 
l a t o r  which i s  a wide band modu la t ion  t r a c k i n g  phase- locked  
l o o p .  

The 2 1 0  ft. an tenna  i s  a un ique  i n s t a l l a t i o n .  
The p l a n n i n g ,  d e s i g n ,  c o n s t r u c t i o n ,  and t e s t i n g  o f  t h e  a n t e n n a  
p r e s e n t e d  many c h a l l e n g i n g  p rob lems ,  which have been  r e s o l v e d  
i n  a sound e n g i n e e r i n g  f a s h i o n .  From a r a d i o  s y s t e m  s t a n d -  
p o i n t ,  t h i s  i n s t a l l a t i o n  has used  t h e  t echno logy  which had 
been  developed  from o t h e r  DSIF work. I n  p a r t i c u l a r ,  t h e  
a n t e n n a  f e e d  a s s e m b l y ,  t r a v e l i n g  wave maser ,  and S-band 
r e c e i v e r  a r e  t h e  same as t h o s e  used  a t  o t h e r  DSN s i t e s .  
Each o f  these  items have been d i s c u s s e d  i n  more d e t a i l  
i n  t h e  J P L  Space Program Summaries. The Deep Space Network 
f a c i l i t i e s  and a c t i v i t i e s  have been r e p o r t e d  on i n  t h e  s e r i e s  
37-XXYVolume I11 ( r e c e n t l y  changed t o  Volume 11). 

The  i m p o r t a n t  t h i n g  to n o t e  i s  t h a t  t h e  a n t e n n a  
feed  cone and t r a v e l i c g  wave maser  a r e  t h e  same on t h e  2 1 0  f’t. 
a n t e n n a l  and t h e  85 f t .  P i o n e e r  a n t e n n a ,  which i s  b e i n g  used  
as t h e  MSFN backup s i t e .  

-l 

The Space Program Summaries do r e p o r t  t h a t  work i s  
i n  p r o g r e s s  on a second g e n e r a t i o n  t r a v e l i n g  wave mase r .  
however,  t h e  e x i s t i n g  
sys t em l o c a t e d  a t  t h e  

model has been tuned  t o  s u p p o r t  t h e  MSFN 
i’ioneer S i t e .  I t  i s  o u r  u n d e r s t a n d i n g  2 

1- c a s s e g r a i n  Feed 
System SPS No. 37-32, 

System f o r  t h e  Advanced Antenna 
Volume 111, March 31 ,  1965,  p p .  74-80. 

O r i e n t a t i o n  of DSIF C a s s e s r a i n  Cones SPS No. 37-37, 
Volume 11, September 30, 1 9 6 7 ,  pp .  98-104.  

‘DSN (MSFN Apol lo  Wings) Backup S y s t e m  SPS,  Volume 
37-48, Volume 11, November 3 0 ,  1967,  p p .  157-169. 
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tha t  t h e  g a i n  o f  t h e  maser i s  r e d u c e d  f o r  MSFN s u p p o r t  i n  o r d e r  
to m a i n t a i n  t h e  f i x e d  g a i n  bandwidth p r o d u c t  of  t h e  maser. 
A s  a r e s u l t ,  t h e  n o i s e  t e m p e r a t u r e  of t h e  sys tem i s  i n c r e a s e d  
s i n c e  t h e  s w i t c h i n g  and equipment f o l l o w i n g  t h e  maser p r o v i d e s  
a l a r g e r  c o n t r i b u t i o n  t o  t h e  o v e r a l l  s y s t e m  per formance  
( b e c a u s e  o f  t h e  lower  f r o n t  end g a i n ) .  It  i s  concluded  t h a t  
a l t h o u g h  o t h e r  improvements have and w i l l  b e  made to t h e  
2 1 0  f t .  a n t e n n a  f e e d  and maser s y s t e m s ,  t h e  e x p e r i e n c e  to 
s u p p o r t  t h e  Apol lo  s i g n a l s  e x i s t s  and can  be  t e c h n i c a l l y  
implemented q u i t e  e a s i l y .  

The r a d i o  f r equency  r e c e i v e r  a t  t h e  2 1 0  f t .  a n t e n n a  
s i t e  i s  s imi l a r  t o  t h o s e  a t  a l l  t h e  o t h e r  DSIF s i t e s .  The re  
are b a s i c a l l y  t h r e e  c o n f i g u r a t i o n s  of S-band r e c e i v e r s .  The 
o r i g i n a l  was known as t h e  Golds tone  d u p l i c a t e  s t a n d a r d  (GSDS) 

and was s u p p l i e d  to GSFC f o r  i n t e g r a t i o n  i n t o  t h e  MSFN s t a t i o n s .  
Somewhat ana logous  to t h e  Block I and Block I1 CSM, t h e  DSN 
c o n f i g u r a t i o n  has become known as t h e  Block I S-band sys t em 
and t h e  MSFN h a s  become known a t  J P L  a s  t h e  Block I1 sys t em.  
The ma jo r  d i f f e r e n c e s  between Block I and Block I1 a re  t h e  
c a r r i e r  f r e q u e n c i e s  t h a t  can be r e c e i v e d  and t h e  c a r r i e r  
t r a c k i n g  l o o p  bandwidths .  

S-band RF System 3 . T h i s  sys tem was mod i f i ed  f o r  MSFN s u p p o r t  

ODTA and J P L  have deve loped  a Block I11 C concep t  
which,  w i t h  t h e  i n t e r c h a n g e  o f  some modules ,  a l l o w s  MSFN-DSN 
cross-program s u p p o r t .  ( T h i s  m o d i f i c a t i o n  i s  accompanied i n  
t h e  MSFN w i t h  a change t o  the  Mark I Ranging S y s t e m  known as  
p,l - - 7 -  T T ~  
u l e L k \  iiD TVTUGY). 

The p r e s e n t  imp lemen ta t ion  of t h e  F i o n e e r  s i t e  
i n e l u d e s  two wings on t h e  s u p p o r t  b u i l d i n g  a t  t h e  85 f t .  
a n t e n n a .  One wing h a s  an  MSFN r e c e i v e r ,  t h e  o t h e r  wing has 
t h e  DSN r e c e i v e r .  The d a t a  on t h e  i n c o r p o r a t i o n  o f  t h e  I I I C  
m o d i f i c a t i o n s  i s  n o t  r e a d i l y  a v a i l a b l e ,  b u t  i t  i s  known t h a t  
s e v e r a l  MSFN s t a t i o n s  which s u p p o r t e d  t h e  l a s t  Apol lo  m i s s i o n  
have been m o d i f i e d .  I n  summary, t h e  DSN r e c e i v e r  m o d i f i c a t i o n s  
r e q u i r e d  t o  s u p p o r t  Apol lo  a r e  deve loped  and a weal th  of  
e x p e r i e n c e  e x i s t s  on t h e  implemen ta t ion  of  t h e s e  m o d i f i c a t i o n s  
w r ~ c i l  allow t h e  cross-program s u p p o r t .  It i s  d o u b t f u l  t h a t  
t h e  e x a c t  hardware would be r e q u i r e d  s i n c e  knowledgeable  
e n g i n e e r s  have p rov ided  such m o n i t o r i n g  on DSN s u p p o r t e d  
s p a c e c r a f t  ( e . g .  Lunar O r b i t e r )  a t  t h e  Block I1 MSFN s i t e s .  

- -7. 2 

3GSDS 1 9 6 4 ,  S-Band RF S y s t e m ,  SPS,  Volume 37-28, 
Volume 111, J u l y  31, 1964, pp.  33-39. 
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